Background: Poor dental health occurs in patients with chronic obstructive pulmonary disease (COPD); some evidence suggests that it may correlate with lower forced expiratory volume in 1 second (FEV1) and 6-minute walk distance, and an increased rate of exacerbations. However, there is no data that examines how dental health may impact the daily respiratory symptoms that COPD patients experience. We prospectively studied indices of dental health and hygiene in patients with COPD and determined their impact on daily respiratory symptoms. Methods: A total of 20 individuals with COPD (median [interquartile range (IQR)] % FEV1 37 [29][30][31][32][33][34][35][36][37][38][39][40][41][42][43]) and 10 healthy control individuals with no lung disease were recruited. Dental questionnaires, spirometry, and a dental examination were administered on their initial visit. COPD participants were given an electronic COPD daily diary to document peak expiratory flow and the presence and magnitude of daily breathlessness, cough, sputum production, and wheeze. Results: Compared to healthy controls, COPD participants had less teeth (median 16.5 versus 28, p=0.0001), a trend to a higher plaque index (median 2.2 versus 1.7, p=0.15), and worse oral health-related quality of life (median Oral Health Impact Profile score 12.0 versus 4.5, p=0.02). A greater number of teeth correlated with higher percentage of days with cough (r=0.48, p<0.05) and wheeze (r=0.47, p<0.05). Conclusion: Individuals with severe COPD have poor oral hygiene and oral health-related quality of life. In the setting of poor dentition, a greater number of teeth correlates with more daily respiratory symptoms. More teeth may create a larger reservoir for inflammatory proteins and pathogenic bacteria to be aspirated into the airways.
Introduction
Oral health has been shown to be an important factor in respiratory diseases such as pneumonia and chronic obstructive pulmonary disease (COPD).
1 In the first large population studies looking at this connection, Scannapieco et al 2, 3 used National Health and Nutrition Examination Survey (NHANES) data to show that an oral hygiene index, which assesses dental plaque and calculus, and the mean attachment loss of the gingiva from the tooth both correlate with a diagnosis of COPD. Various other measures of dental health such as probing depth of dental pockets, gingival index, and plaque index (PI) are also associated with a diagnosis of COPD 4, 5, 6 and correlate with disease severity assessed by forced expiratory volume in 1 second (FEV1), 6-minute walk distance, or COPD exacerbations.
4,7,8
Improved oral hygiene may decrease adverse lower respiratory tract events. In a population of Japanese nursing home residents, regular oral care reduced rates of pneumonia.
9 The use of chlorhexidine swabs in intubated and mechanically ventilated intensive care unit patients decreases the rate of ventilator associated pneumonia.
10 In a small, randomized controlled study of 60 patients with COPD, regular tooth scaling and root planing decreased the rate of COPD exacerbations.
11
COPD is a chronic illness hallmarked by daily respiratory symptoms such as breathlessness, wheeze, cough, and sputum production.
12 These symptoms are caused by airflow obstruction and inflammation of the airways, and significantly impair quality of life.
13,14 Barriers to adequate dental care are not well described in COPD individuals but could potentially include impaired mobility due to illness or use of oxygen, continued smoking, or access to dental insurance. Although poor dental health is associated with the diagnosis of COPD and some COPD-related health outcomes, the impact of dental health on daily respiratory symptoms that patients with COPD experience is unknown. We aimed to study the dental health and habits of a cohort of consecutive COPD individuals and test the hypothesis that poor dental health is associated with worse daily respiratory symptoms.
Patient Population
This was a prospective study at a single institution; all study procedures were approved by the Western Institutional Review Board. Participants were enrolled between February 2016 and December 2016. Healthy control individuals without lung disease and individuals with severe COPD were recruited for the study. Inclusion criteria were: (1) age>40, (2) spirometric findings in the COPD cohort of FEV1/ forced vital capacity (FVC) <0.70 with an FEV1 < 50% Methods predicted, and no airflow obstruction in the healthy control cohort, (3) at least a 10 pack-year smoking history in the COPD groups, and no current smoking in the healthy controls. Exclusion criteria were: (1) antibiotics in the last 4 weeks, (2) systemic steroid treatment for a COPD exacerbation within the last 4 weeks, (3) dental visit in the last 4 weeks, (4) taking >20 mg of prednisone or an equivalent dose of steroids on a daily basis, (5) history of solid organ transplant, (6) clinically significant bronchiectasis with more than 1/3 cup sputum a day, (7) plan for major dental work in the next 3 months, (8) edentulous individuals, and (9) active malignancy other than skin cancer. Due to slow enrollment, the FEV1 criteria for COPD participants was expanded to < 80% predicted.
Study Procedures
At the first visit, participants completed questionnaires, a dental examination, and spirometry. COPD participants were instructed to use an electronic daily diary to report respiratory symptoms over the study period of approximately 60 days. A second visit was scheduled at the end of the study period where another questionnaire was given, and the dental examination was repeated.
Oral Health Examination
In addition to filling out questionnaires regarding dental hygiene habits, all participants completed the Oral Health Impact Profile -14 (OHIP) on the first and second visit.
15 This is a 14-question patientcentered and symptom-based survey of how oral health affects quality of life. Seven different domains of oral health were surveyed: functional limitation, pain, psychological discomfort, physical disability, psychological disability, social disability and handicap. Each question was graded on a 5-point scale: 0 = never, 1 = hardly ever, 2 = occasionally, 3 = fairly often, 4 = very often. Higher scores signified worse quality of life. Each question is weighted and the total summative scores (OHIP-S) as well as total weighted scores (OHIP-W) were used.
Physical examination included counting the number of teeth and calculating the plaque index (PI). Participants were asked to not eat, brush their teeth, or use mouthwash the morning of the visit. All exams were performed by the same investigator (N.G). Plaque was identified using a Butler G-U-M red-cote dental disclosing tablet. Participants chewed on the tablet for 30 seconds, then expectorated the dye into the sink and washed out the oral cavity with water once. Dental plaque was stained pink. The PI is the average amount of plaque per tooth surface measured and was calculated using the Quigley-Hein method that was modified by Turesky et al in 1970.
16
The buccal and lingual surface of the tooth was examined, and a score given. A 0 = no plaque, 1 = separate flecks of plaque, 2 = thin continuous band of plaque (up to 1 mm) at the cervical margin of the tooth, 3 = a band of plaque wider than 1 mm but covering less than 1/3 of the crown of the tooth, 4 = plaque covering at least 1/3 but less than 2/3 of the crown of the tooth, 5 = plaque covering 2/3 or more of the crown of the tooth. Each surface of the tooth score was added together and divided by total surfaces measured to calculate the PI.
Daily COPD Diary
We used a web-based Health Insurance Portability and Accountability-HIPPA-compliant electronic daily respiratory diary (HGE Health Care Solutions, Telford, Pennsylvania). Participants recorded symptoms through a smart phone app, computer interface or a tablet that was provided for the study. Every morning, participants were instructed to score their breathlessness (Borg scale), presence of sputum, cough, and wheeze and perform 3 peak flow maneuvers. The highest peak flow measure was recorded and used.
Statistical Analysis
Statistical analyses were performed using Stata 14.2 (StataCorp, College Station, Texas). Results are presented as median (interquartile range [IQR] ). Wilcoxon rank sum testing was performed to compare groups. Percentages were compared using chi-squared testing. Dental indices were correlated with daily respiratory symptoms using Pearson's correlation coefficients using a significance level of p<0.05. Dental indices were further correlated with respiratory symptoms using linear regression.
A total of 30 participants were recruited for the study (10 healthy controls, 20 individuals with COPD). There were no differences in age, sex, or body mass index between the healthy control and COPD participants ( Of note, only 2 COPD participants with an FEV1> 50% were enrolled after the inclusion criteria were broadened to include participants with FEV1<80%. Overall, participants were in the study on average for 68.9 days with a daily symptom reporting compliance of 93.1% of days, for a total of 1158 patient days of daily symptom data. Two participants withdrew from the study; one after 9 days and the other after 3 days, both because they did not want to continue reporting daily symptoms (Figure 1) . Given the limited daily symptom data collected from these 2 participants, their daily symptom data was not analyzed. One participant died during the study after reporting symptoms for 42 days; all her daily symptom data was included in the analysis.
Dental Health and Habits
Both COPD participants and controls had similar teeth brushing habits, with almost every participant brushing at least once a day (Figure 2) . More of the healthy controls had a dental appointment closer to the time of enrollment than the COPD participants, suggesting more frequent dental visits in the control group. Frequency of flossing was heavily skewed with COPD participants rarely flossing as a part of their regular dental care. Most control participants flossed at least once a day. COPD participants had a dental history consisting of more dental infections, tooth extractions and higher prevalence of dentures ( Table   2) .
Dental Indices
Participants with COPD had less teeth, and higher OHIP scores indicating poor dental health.
The average amount of plaque on the surface of a tooth, assessed by the PI, was higher in the COPD participants than in the healthy controls, but this did not reach statistical significance ( 
Dental Indices Correlate with Symptoms
Breathlessness, assessed by the Borg scale, positively correlated with the number of teeth, PI, and OHIP scores, but did not reach statistical significance ( Table  4) . The number of teeth had a significant positive correlation with percentage of days with cough, and wheeze, and moderate positive correlation with sputum production. After controlling for current smoking status, linear regression ( 
Discussion
In this prospective observational study, we found that compared to healthy control participants, participants with COPD have poor dental hygiene practices, a history of more dental infections, worse dental indices assessed by number of teeth and PI, and significantly worse oral health-related quality of life as assessed by OHIP-14. Additionally, after following daily respiratory symptoms in the COPD participants for approximately 2 months, we found that the greater number of teeth that a participant had positively correlated with more frequent daily respiratory symptoms such as sputum production, cough, and wheeze. Therefore, we found that in a population with very poor overall oral health, a greater number of teeth was associated with a greater daily burden of respiratory symptoms. Our data on oral hygiene is consistent with prior reports of abnormal dental indices and suboptimal oral hygiene practices in the COPD population. Wang et al 5 compared
306 participants with COPD to 328 control participants in a retrospective case-control study. They demonstrated that COPD participants had poor oral hygiene practices. In addition, they had less teeth and more plaque per tooth than controls. Other studies consistently show that COPD participants have fewer numbers of teeth than controls.
2,7,17 Results of PI measurements have been variable, with some studies reporting a higher PI in COPD participants 18,7,17 while others show no difference.
4,6 Our results did not show a significantly higher PI in the COPD population (p=0.15), but given the fact that this was a small study (n=30) it may have been underpowered to show this difference. Overall, our data on oral hygiene practices in COPD participants is consistent with what has been published and further emphasizes the poor oral health practices that are encountered in this population.
In line with the poor dental hygiene and indices in COPD participants, they experienced worse oral health-related quality of life assessed by the OHIP-14. To our knowledge, this questionnaire has only been reported in one prior study of COPD participants.
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In a group of 100 individuals with COPD, a worse OHIP score positively correlated with more reported oral problems, higher education level and smoking. A control group was not included in the data collection, and there was no mention of COPD disease severity or pulmonary-related symptoms. In our study, OHIP-14 scores were worse in COPD participants at both visits. Although higher OHIP scores correlated with more daily respiratory symptoms, the correlations were weak. This relationship between oral health-related quality of life and respiratory symptoms needs to be studied in a larger population of COPD individuals.
The unique aspect of our study was the use of common daily respiratory symptoms as an outcome. We correlated number of teeth and the PI with daily symptoms that were documented in a daily electronic COPD symptom diary. There was no significant correlation between PI and respiratory symptoms. However, a greater number of teeth in participants with COPD significantly correlated with the presence of more cough and wheeze, even after adjustment for current smoking.
The microbiome of the lungs resembles the oral microbiome 20 and the chronic microaspiration of saliva may play a role.
21 Saliva bathes the surfaces of the mouth and its composition reflects the surrounding oral contact surfaces. Hence, more diseased teeth potentially provide a large reservoir of pathogenic bacteria, such as Haemophilus influenzae, 22 and inflammatory proteins that provokes worsened respiratory symptoms when aspirated.
Chronic periodontitis is a common inflammatory disorder of the oral cavity and has previously been described in patients with COPD.
23,24 Pockets of bacteria form between the tooth and gingiva, which adversely affects the supporting tooth structures and leads to tooth loss. Although there have been numerous bacteria identified in these inflammatory pockets with 16s rRNA sequencing, traditionally anaerobic bacteria, such as Porphyromonas gingivalis, Tannerella forsythia, and Treponema denticola are believed to drive the intense inflammatory response.
23 Teeth are critical in developing a nidus for oral inflammation. inflammatory proteins such as interleukin-1, interleukin-6 and tumor necrosis factor-, 27,28,29 as well as the inflammatory cell secretion of proteases, elastases, collagenases and matrix metalloproteinases are all involved in the disease process and could potentially be aspirated into the airways.
Our findings that a greater number of teeth correlate with worse respiratory symptoms contrasts to previous reports on COPD individuals. Liu et al used an arbitrary cutoff of 25 teeth and found that patients with >2 exacerbations per year had less than 25 teeth compared to infrequent exacerbators who had more than 25 teeth.
8 Unlike our cohort, less than 50% of their participants were Global initiative for chronic Obstructive Lung Disease stage 3 or 4.
30 Additionally, they excluded individuals who had 10 or less teeth. In another study, where individuals were excluded if they had less than 15 teeth, 7 the number of teeth inversely correlated with the modified Medical Research Council (mMRC) score. Both of these studies were retrospective case control studies with much larger sample sizes, but the fact that individuals were excluded based on number of teeth limits their findings. In our study, only edentulous individuals were excluded.
There are limitations worth noting in our study. was a small, single center study and daily respiratory symptom data was collected over a relatively short period of time, which may not allow for a full assessment of symptoms or change in symptoms during an exacerbation. Although periodontal disease has strong correlations with COPD, we did not objectively measure periodontal disease in this study.
In conclusion, in this small observational study, we found that participants with severe COPD have poor dental hygiene practices, and a diminished oral healthrelated quality of life. Additionally, in the setting of poor dental health, the greater number of teeth that a participant had correlated with worsened daily respiratory symptoms such as cough and wheeze. These findings will need to be corroborated in larger studies, but they do support the idea of potentially targeting oral health to improve COPD outcomes in future trials.
